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MENETELMA JA LAITE MATE RIAA LIN RUISKUTTAMISEKSI 

Keksinnon kohteena on menetelma materiaalin ruiskuttamiseksi, jos- 
sa menetelmassa muodostetaan liekki polttokaasun avulla, johdetaan liekkiin 
5 ainakin kahta erilaista komponenttia siten, etta komponentit yhdistyvat keske- 
naan ja muodostavat ainakin kahdesta komponentista koostuvaa materiaalia. 

Edelleen keksinnon kohteena on laite materiaalin ruiskuttamiseksi, 
jossa laitteessa on valineet polttokaasun johtamiseksi siten, etta polttokaasu 
muodostaa liekin ja valineet ainakin kahden erilaisen komponentin johtami- 

10 seksi liekkiin siten, etta komponentit yhdistyvat keskenSSn ja muodostavat ai- 
nakin kahdesta komponentista koostuvaa materiaalia, jotka liekin avulla saa- 
daan ruiskutettua haluttuun kohteeseen. 

On tunnettua ruiskuttaa kiinteaa ainetta liekkiruiskutuslaitteistolla. 
Kyseisessa menetelmassa ruiskutettava aine syotetaan liekkiruiskuun kiinteina 

15 hiukkasina, jotka liekkiruiskutuslaitteella ruiskutetaan haluttuun kohteeseen. 
Hiukkaskoon pienentyessa likaantuu ja tukkiintuu liekkiruiskutuslaitteisto kui- 
tenkin helposti. Niinpa jo esimerkiksi alle 20 mikrometrin kokoisten hiukkasten 
ruiskuttaminen liekkiruiskutuslaitteistolla on hankalaa ja liekkiruiskutuslaitteisto 
tukkiintuu helposti ja on rakenteeltaan kallis. Edelleen ruiskutettava kiintea on 

20 liekkiruiskutuksen aikana useassa eri faasissa ollen osaksi hoyrya osaksi su- 
laa ainetta ja osittain sulanutta ainetta ja aineen jaahtyessa lopputulos on 
epatasainen. 

US-patentissa 3 883 336 on esitetty laitteisto, jossa liekkiruiskuun 
tuodaan piitetrakloridia sumuna kantokaasuna toimivan hapen avulla. Edelleen 

25 kyseisessa julkaisussa on esitetty, etta liekkiruiskun liekkiin suihkutetaan ulko- 
puolelta aerosolia lasin valmistamiseksi. Aerosolin tuottaminen vaatii kuitenkin 
monimutkaisen laitteiston ja edelleen aerosolin muodostaminen vaatii erityi- 
sesti nesteen viskositeetin olemista tietyissa rajoissa, mika rajoittaa kaytettavia 
materiaaliyhdistelmia. Edelleen menetelmalla tuotetut hiukkaset ovat varsin 

30 suurikokoisia eli noin mikrometrin suuruusluokkaa. 

Fl-patentissa 98832 on esitetty menetelma ja laite materiaalin ruis- 
kuttamiseksi, jossa menetelmassa ruiskutettava nestemainen aine johdetaan 
polttokaasun avulla muodostettuun liekkiin ja pisaroitetaan kaasun avulla 
olennaisesti liekin laheisyydessa siten, etta pisaroitus ja liekin muodostus ta- 

35 pahtuvat samassa laitteessa. Kyseisella menetelmalla saadaan nanometrin 
suuruisia hiukkasla tuotettua yksinkertaisesti ja edullisesti. Ratkaisulla ei kui- 
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tenkaan pystytS tekemaan useasta komponentista koostuvaa materiaalia, 
esimerkiksi monikomponenttilasia, jonka koostumus olisi hallittu. 

Eras soveliutus monikomponenttilasin tekemisesta on aktiivikuitujen 
tuotanto. Aktiivikuidun tuotannossa lasimateriaalia tulee seostaa harvinaisilla 
5 maametalleilla, esimerkiksi erbiumilla. Erbiumia ei ole saatavissa nesteena, 
jonka hoyrynpaine olisi riittavan alhainen siten, etta aktiivikuituja voitaisiin 
tuottaa perinteisilla kuiduntuotantomenetelmilla ilman prosessin huomattavaa 
ja kallista modifiointia. TSmSn vuoksi yleisesti kaytetty menetelmS aktiivikuidun 
tuottamiseksi on valmistaa huokoinen, olennaisesti amorfisesta piidioksidista 

10 koostuva preformi, joka upotetaan erbiumia sisaltavaan nesteeseen. Usean 
tunnin imeytymisen jalkeen preformi kuivataan ja sintrataan, jolloin saadaan 
aikaan seostettu kuitupreformi. Menetelman heikkoutena on aikaan saatavan 
seostusmaaran epamaaraisyys ja aineen klusteroituminen, joka heikentaa 
saatavan lopputuotteen ominaisuuksia. Edelleen aktiivikuitua voidaan valmis- 

15 taa aerosoliprosessilla, missa erbiumpitoista aerosolia tuotetaan ultraSanime- 
netelmalla. Erikseen ultraaanimenetelmalla tuotetut aerosolit johdetaan termi- 
seen reaktoriin, jossa ne reagoivat muodostaen monikomponenttilasia. TamSn 
menetelman heikkoutena on sen monimutkaisuus, seostuksen hankaluus ja 
aikaansaatavien hiukkasten suuri koko, eli hiukkaset ovat noin mikrometrin 

20 suuruusluokkaa. 

Taman keksinnon tarkoituksena on saada aikaan menetelma ja lait- 
teisto, joissa edella mainittuja epakohtia pystytaan valttamaan. 

Keksinnon mukaiselle menetelmalle on tunnusomaista se, etta en- 
simmainen komponentti johdetaan liekkiin kaasumaisessa tai hflyrymaisessa 

25 muodossa ja toinen komponentti johdetaan liekkiin nestemaisessa muodossa 
ja pisaroitetaan jonkin kaasun avulla olennaisesti liekin laheisyydessa ja etta 
seka ensimmainen komponentti etta toinen komponentti syotetaSn liekkiin sa- 
malia laitteella polttokaasun kanssa. 

Edelleen keksinnon mukaiselle laitteelle on tunnusomaista se, etta 

30 laitteessa on kaasuputki ensimmaisen komponentin johtamiseksi liekkiin kaa- 
sumaisessa tai hoyrymaisessa muodossa, nesteputki toisen komponentin 
johtamiseksi liekkiin nestemaisessa muodossa ja kaasuputki pirskotuskaasun 
johtamiseksi nesteputken laheisyyteen nestemaisen komponentin pisaroitta- 
miseksi olennaisesti liekin laheisyydessa, jolloin seka ensimmainen kompo- 

35 nentti etta toinen komponentti on sovitettu syfitettavaksi liekkiin samalla lait- 
teella polttokaasun kanssa. 
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Keksinnon olennainen ajatus on, etta liekkiin johdetaan ainakin kahta 
eri komponenttia ja etta ensimmainen komponentti johdetaan liekkiin kaasuna 
tai hoyryna ja toinen komponentti johdetaan liekkiin nestemaisessa muodossa 
ja pisaroitetaan kaasun avulla olennaisesti liekin laheisyydessa ja etta ensim- 
5 mainen ja toinen komponentti syotetaan liekkiin yhdessa polttokaasun kanssa 
samalla laitteella. Talloin nestemaisesta komponentistfi ja kaasumaisesta 
komponentista muodostetaan suuruusluokaltaan nanometrin suuruisia hiukka- 
sia ja saadaan aikaan naiden keskinainen reaktio si ten, etta muodostuu esi- 
merkiksi homogeenisia monikomponenttilasihiukkasia. Aikaansaadut hiukkaset 

10 voidaan edelleen ohjata liekin avulla eri materiaalien pinnalle tai kerata erillisi- 
nS hiukkasina sopivalla laitteistolla esimerkiksi aktiivikuidun valmistamiseksi. 

Keksinnon etuna on, etta pystytaan erittain yksinkertaisesti ja edulli- 
sesti tuottamaan erittain pienia ja homogeenisia ainakin kahdesta komponen- 
tista koostuvia hiukkasia, kuten monikomponenttilasihiukkasia. 

15 Keksintoa selitetaan tarkemmin oheisessa piirustuksessa, jossa 

kuvio 1 esittaa kaavamaisesti keksinnon mukaista liekkiruiskutuslait- 
teiston kokonaisuutta sivustapain katsottuna ja 

kuvio 2 esittaa kaavamaisesti kuvion 1 mukaisen laitteen suutinosaa 
edestapain katsottuna. 

20 Kuviossa 1 on esitetty keksinnon mukainen liekkiruiskutuslaitteisto. 

Liekkiruiskulla 1 muodostetaan liekki 9 ruiskutettavan aineen ruiskuttamiseksi. 
Liekkiruiskuun 1 tuodaan tarvittavat kaasut kaasukanavia 2, 3, 4 ja 5 pitkin. 
Kaasukanavia 2-5 pitkin tuodaan liekin muodostavat polttokaasut, ruiskutet- 
tavan nesteen pirskotuskaasu, muodostettavan, ainakin kahdesta komponen- 

25 tista koostuvan materiaalin, kuten monikomponenttilasin, eras komponentti 
kaasu- tai hoyrymuodossa ja mahdollinen reaktion hallintaa varten tuotettava 
kaasu. Kaasukanavia 2 - 5 on luonnollisesti tarpeellinen maara sen mukaan 
kuinka monta kaasua liekkiruiskuun 1 on tarpeen sydttaa. Muodostettavan 
monikomponenttilasin toinen komponentti syotetaan nestemaisessa muodos- 

30 sa liekkiruiskuun 1 nestekanavaa 6 pitkin. Neste siirretaan nestekanavaa 6 
pitkin pumppaamalla sita esimerkiksi ruiskupumpulla 7. Nesteen siirtyminen 
nestekanavaa 6 pitkin voidaan toteuttaa myds esimerkiksi sydttamalla neste 
painesailiosta tai jollain muulla sinansa tunnetulla tavalla. 

Liekkiruiskun 1 kuviossa 1 katsottuna oikeassa paadyssa on suutin 

35 8, jossa polttokaasut sytytetaan liekin aikaansaamiseksi ja jossa neste pisa- 
roitetaan pirskotuskaasun avulla, jolloin pirskotus tapahtuu olennaisesti liekin 9 
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laheisyydessa. Talloin nestemainen komponentti saadaan pisaroitettua erittain 
pi niksi suuruusluokaltaan noin nanometrin suuruisiksi hiukkasiksi. Samoin 
kaasumaisesta tai hoyrymaisesta komponentista saadaan muodostettua yhta 
pienia hiukkasia. Kummatkin komponentit sydtetaan liekkiin yhdessa poltto- 
5 kaasun kanssa samalla laitteella. Edullisimmin polttokaasun syotto, ensimmai- 
sen komponentin syottfi ja toisen komponentin syotto liekkiin toteutetaan yh- 
della ja samalla laitteella eli yhteisen suuttimen 8 kautta, kuten kuviossa 1 on 
esitetty. Talloin ruiskutettavien monikomponenttilasihiukkasten kohdistaminen 
kohteeseen 1 0 on erittain helppoa. Ensimmaisen ja toisen komponentin hiuk- 
10 kaset reagoivat keskenaan muodostaen homogeenisia monikomponenttilasi- 
hiukkasia. Monikomponenttilasihiukkaset voidaan edelleen ohjata liekin 9 
avulla eri materiaalien pinnalle tai kerata erillisina hiukkasina sopivalla laitteis- 
tolla. 

Monikomponenttilasin nestemainen komponentti tuodaan liekkiruis- 

15 kuun 1 nestekanavaa 6 pitkin. Nestekanavasta 6 neste siirtyy liekkiruiskun 1 
keskella olevaan nesteputkeen 6a. Ensimmaista kaasukanavaa 2 pitkin joh- 
detaan nesteen pirskottava kaasu nesteputken ymparilla olevaan ensimmai- 
seen kaasuputkeen 2a. Toista kaasukanavaa 3 pitkin johdetaan toinen kaasu 
ensimmaisen kaasuputken 2a ymparilla olevaan toiseen kaasuputkeen 3a. 

20 Edelleen kolmatta kaasukanavaa 4 pitkin johdetaan kolmas kaasu toisen kaa- 
suputken 3a ymparilla olevaan kolmanteen kaasuputkeen 4a ja neljatta kaa- 
sukanavaa 5 pitkin johdetaan neljas kaasu kolmannen kaasuputken 4a ympa- 
rilla olevaan neljanteen kaasuputkeen 5a. Nesteputki 6a ja ensimmainen, toi- 
nen, kolmas ja neljas kaasuputki 2a, 3a, 4a, ja 5a ovat siis koaksiaalisia sisak- 

25 kaisia putkia. Suuttimessa 8 ensimmaisesta kaasuputkesta 2a tuleva kaasu 
pisaroittaa nesteputkea 6a pitkin tulevan nesteen pisaroiksL 

Muodostettavan monikomponenttilasin nestemainen komponentti voi 
olla sopiva halutun ionin vesi- tai alkoholiliuos. Esimerkiksi aktiivikuitua eli va- 
loa vahvistavaa kuitua tuotettaessa voidaan kayttaa liuosta, jossa on erbium- 

30 nitraattia, vetta tai alkoholia ja jotain alumiinin muotoa, joka liukenee veteen tai 
alkoholiin. Toista kaasukanavaa 2 pitkin voidaan syottaa esimerkiksi vetya, jo- 
ka pisaroittaa nesteen suuttimessa 8. Toista kaasukanavaa 3 pitkin voidaan 
syottaa pii- tai germaniumtetrakloridia kaasumaisessa tai hoyrymaisessa muo- 
dossa ja kolmatta kaasukanavaa 4 pitkin happea. Suuttimen 8 jalkeen vety ja 

35 happi reagoivat muodostaen liekin 9. Liekin reaktiomuodostuksen tarkka pro- 
sessi on epaselva, mutta kSytannOssa voidaan olettaa, etta pii- tai germa- 
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niumtetrakloridi reagoi muodostaen erittain pienia piidioksidi- tai germaniumdi- 
oksidihiukkasia ja nestemaiset hiukkaset reagoivat muodostaen erbium- ja 
alumiinioksidia. Muodostuneet hiukkaset reagoivat joko samanaikaisesti tai 
erillisesti edella mainittujen reaktioiden kanssa ja yhtyvat keskenaan muodos- 

5 taen homogeenista monikomponenttilasia. Syntyneet monikomponettilasihiuk- 
kaset ohjataan liekin 9 avulla kohteen 1 0 pinnalle, joka aktiivikuitua valmistet- 
taessa on tuurna, jolloin monikomponenttilasihiukkaset muodostavat tuuman 
pinnalle huokoisen lasipinnan. Tuuman pinnalle voidaan kasvattaa useita eri 
lasikerroksia, joiden materiaalikoostumusta voidaan haluttaessa yksinkertai- 

0 sesti muuttaa. Kasvatuksen jalkeen tuurna voidaan poistaa ja muodostunut 
preformi sintrataan normaalista optisen kuidun valmistusprosessista sinansa 
tunnetulla tavalla. 

Neljas kaasukanava 5 ja vastaavasti neljas kaasuputki 5a eivat ole 
valttamattomia. Niita voidaan kuitenkin haluttaessa kayttaa reaktion hallinnan 
5 parantamiseksi esimerkiksi syottamalla neljatta kaasukanavaa 5 ja edelleen 
neljatta kaasuputkea 5a pitkin esimerkiksi argonia tai jotain muuta sopivaa 
suojakaasua, jolloin suojakaasu estaa ulkopuolisen hapen vaikutuksen reakti- 
oon. 

On huomattavaa, etta kuviossa 1 on liekkiruiskun 1 rakenne esitetty 
selvyyden vuoksi todellista tilannetta suuremmassa mittakaavassa. Tehokkaan 
pisaroitumisen aikaansaamiseksi kannattaa esimerkiksi pirskotuskaasun no- 
peus saada mahdollisimman suureksi. Nain ollen suuttimen 8 reiat kannattaa 
tehda riittavan pieniksi. Edelleen nesteputken 6a ja ensimmaisen kaasuputken 
2a rakennetta voidaan kuvata siten, etta kyseiset putket ovat rakenteeltaan 
kaksi onttoa sisakkain asetettua neulaa. 

Kuviossa 2 on esitetty suutin 8 edestapain katsottuna. Kuviossa 2 
nakyy suuttimen 8 keskelta tulevan nesteputken 6a paadyssa oleva reika. Sen 
ymparilla nakyy ensimmaisen kaasuputken 2a reika. Toista kaasuputkea 3a 
pitkin tuleva kaasu on esitetty johdettavaksi suuttimen 8 lapi aukkojen 11 
kautta. Vastaavasti kolmatta kaasuputkea 4a pitkin tuleva kaasu johdetaan 
suuttimen 8 lapi aukkojen 12 kautta ja neljatta kaasuputkea 5a pitkin tuleva 
kaasu johdetaan suuttimen 8 lapi aukkojen 1 3 kautta. Suuttimen 8 reikien ja 
aukkojen koko ja geometria voi vaihdella halutulla tavalla, mutta olennaista on, 
etta suuttimessa 8 nesteen ja pirskotuskaasun nopeus saadaan halutunlaisek- 
si siten, etta neste saadaan pisaroitettua riittavan pieneksi, jolloin saadaan ai- 
kaan riittavan pienia hiukkasia ja etta toisaalta liekin 9 muodostavien kaasujen 
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nopeus on riittSvS. 

Piirustus ja siihen liittyva selitys on tarkoitettu vain havainnollista- 
maan keksinnon ajatusta. Yksityiskohdittaan keksint6 voi vaihdella patentti- 
vaatimusten puitteissa. NiinpS nesteputken ja kaasuputkien sijainti ja jarjestys 
5 voi vaihdella halutulla tavalla. Edelleen polttokaasu voi muodostua edella esi- 
tetylla tavalla kahdesta tai useammasta, erillista kaasuputkea pitkin suuttimelle 
8 syotettavasta, kaasusta tai sitten polttokaasuna voidaan kayttaa suuttimelle 
8 yhta kaasuputkea pitkin syotettavaa kaasua tai kaasuseosta, kuten hapen ja 
asetyleenin seosta. 
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PATENTTI VAATI M U KSET 

1. Menetelma materiaalin ruiskuttamiseksi, jossa menetelmassa 
muodostetaan liekki (9) polttokaasun avulla, johdetaan liekkiin (9) ainakin 
5 kahta erilaista komponenttia siten, etta komponentit yhdistyvat keskenaan ja 
muodostavat ainakin kahdesta komponentista koostuvaa materiaalia, tun- 
n e 1 1 u siita, etta ensimmainen komponentti johdetaan liekkiin (9) kaasumai- 
sessa tai hoyrymaisessa muodossa ja toinen komponentti johdetaan liekkiin 
(9) nestemaisessa muodossa ja pisaroitetaan jonkin kaasun avulla olennai- 

10 sesti liekin (9) laheisyydessa ja etta seka ensimmainen komponentti etta toi- 
nen komponentti syotetaan liekkiin (9) samalla laitteella polttokaasun kanssa. 

2. Patenttivaatimuksen 1 mukainen menetelma, tunnettu siita, 
etta ensimmainen komponentti, toinen komponentti ja polttokaasu syotetaan 
liekkiin (9) samalla laitteella. 

15 3. Patenttivaatimuksen 2 mukainen menetelma, tunnettu siita, 

etta ensimmainen komponentti, toinen komponentti ja polttokaasu syotetaan 
liekkiin (9) koaksiaalisesti. 

4. Jonkin edellisen patenttivaatimuksen mukainen menetelma, tun- 
nettu siita, etta ensimmainen komponentti on pii- tai germaniumtetrakloridia 

20 ja toinen komponentti on liuosta, joka sisaltaa erbiumnitraattia, vetta tai alko- 
holia ja veteen tai alkoholiin liukenevaa alumiinin muotoa siten, etta saadaan 
muodostettua monikomponenttilasihiukkasia aktiivikuidun valmistamiseksi. 

5. Laite materiaalin ruiskuttamiseksi, jossa laitteessa on valineet 
polttokaasun johtamiseksi siten, etta polttokaasu muodostaa liekin (9) ja vali- 

25 neet ainakin kahden erilaisen komponentin johtamiseksi liekkiin (9) siten, etta 
komponentit yhdistyvat keskenaan ja muodostavat ainakin kahdesta kompo- 
nentista koostuvaa materiaalia, jotka liekin (9) avulla saadaan ruiskutettua 
haluttuun kohteeseen, tunnettu siita, etta laitteessa on kaasuputki (3a) 
ensimmaisen komponentin johtamiseksi liekkiin (9) kaasumaisessa tai hOyry- 

30 maisessa muodossa, nesteputki (6a) toisen komponentin johtamiseksi liekkiin 
(9) nestemaisessa muodossa ja kaasuputki (2a) pirskotuskaasun johtamiseksi 
nesteputken laheisyyteen nestemaisen komponentin pisaroittamiseksi olen- 
naisesti liekin (9) laheisyydessa, jolloin seka ensimmainen komponentti etta 
toinen komponentti on sovitettu syotettavaksi liekkiin (9) samalla laitteella 

35 polttokaasun kanssa. 

6. Patenttivaatimuksen 5 mukainen laite, t u n n 1 1 u siita, etta 
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laitteessa on suutin (8) ja etta laitteessa on valineet ensimmaisen komponen- 
tin, toisen komponentin ja polttokaasun syottamiseksi liekkiin (9) yhteisen 
suuttimen (8) kautta. 

7. Patenttivaatimuksen 6 mukainen laite, tunnettu siita, etta va- 
5 lineet ensimmaisen komponentin, toisen komponentin ja polttokaasun syotta- 
miseksi liekkiin (9) on sovitettu koaksiaalisesti. 
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(57) Tiivistelma 

Keksinnon kohteena on menetelma ja laite materiaalin 
ruiskuttamiseksi, jolloin ainakin kahta erilaista komponent- 
tia johdetaan polttokaasun avulla muodostettuun liekkiin 
(9) siten, etta komponentit reagoivat keskenSSn muodos- 
taen monikomponenttilasihiukkasia. Liekin (9) avulla mo- 
nikomponenttilasihiukkaset ruiskutetaan haluttuun kohtee- 
seen. Ensimmainen komponentti johdetaan liekkiin kaa- 
suna tai hoyrynS ja toinen komponentti johdetaan liekkiin 
nestemaisessa muodossa ja pisaroitetaan kaasun avulla 
olennaisesti liekin laheisyydessa. Ensimmainen ja toinen 
komponentti syotetaan liekkiin (9) yhdessa polttokaasun 
kanssa samalla laitteella, jolloin nesternaisesta kompo- 
nentista ja kaasumaisesta komponentista muodostetaan 
suuruusluokaltaan nanometrin suuruisia hiukkasia ja saa- 
daan aikaan naiden keskinainen reaktio siten, etta muo- 
dostuu homogeenisia monikomponenttilasihiukkasia. 
(kuvio 
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International filing date (day/month/year) 

05 October 1999 (05.10.99) 



Priority date {day/month/year) 

05 October 1998 (05.10.98) 



Applicant 



RAJ ALA. Markku et a I 



1. The applicant is hereby informed that the International Bureau has, according to Article 31(7), notified each of the followinq 
Offices of its election: 

AP :GH,GM,KE,LS,MW,SD,SL,SZ/rZ,UG,ZW 
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by the International Bureau only upon their request: 

EA :AM,AZ,BY,KG,KZ,MD,RU,TJ,TM 

OA rBF^J^CF^G^^CM^GA^N^GW^ML^R^E^N^TG 

National iAE^AM^AT^BA^B^BY^CH^CR^U^D^DM^E^S^I^GB^D^E^GH^M, 

H^HUJD^NJS^^KCKZ.LCLK^R^SX^LU^LV^MD^CMK.MW^X^PT^S^SCSI, 

SL^J^M.TR^TZ.UA^CUZ^N.YU^ZW 

3. The applicant is reminded that he must enter the "national phase" before the expiration of 30 months from the priority date 
before each of the Offices listed above. This must be done by paying the national fee(s) and furnishing , if prescribed, a 
translation of the international application (Article 39(1 )(a)), as well as, where applicable, by furnishing a translation of any 
annexes of the international preliminary examination report (Article 36(3)(b) and Rule 74.1). 

Some offices have fixed time limits expiring later than the above-mentioned time limit. For detailed information about the 
applicable time limits and the acts to be performed upon entry into the national phase before a particular Office, see Volume U 
of the PCT Applicant's Guide. 

The entry into the European regional phase is postponed until 31 months from the priority date for all States designated for 
the purposes of obtaining a European patent 




The International Bureau of WIPO 
34, chemin des Colombettes 
1211 Geneva 20, Switzerland 



Facsimile No. (41-22) 740.14.35 



Form PCT/IB/332 (September 1997) 



Authorized officer: 

F. Baechle 

Telephone No. 



3319779 



•ATENT COOPERATION TREA 

PCT 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 




Applicant's or agent's file reference 
PPC10801/UH 


niDTurD A ^nn\i See Notification of Transmittal of International 

FOR FURTHER ACTION . _ . . n ^ r»/-r/TT>r? A/n^ 

Preliminary Examination Report (Form PCT/IPE A/4 1 6) 


International application No. 
PCT/FI99/00818 


International filing date (day/ month/year) 

05. 10. 1999 


Priority date (day/ month/year) 

05. 10.1998 


International Patent Classification (IPC) or national classification and IPC7 

C03B 37/018 


Applicant 

(RAJALA, Markku et al 


L'\c-tc\ci oy 



1. This international preliminary examination report has been prepared by this International Preliminary Examining 
Authority and is transmitted to the applicant according to Article 36. 



2. 



This REPORT consists of a total of 

□ 



sheets, including this cover sheet 



This report is also accompanied by ANNEXES, i.e.. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 



These annexes consist of a total of 



sheets. 



3. This report contains indications relating to the following items: 

Basis of the report 
Prioritv 



1 


El 


II 


□ 


III 


□ 


IV 


□ 


V 


El 


VI 


□ 


VII 


□ 


VIII 


□ 



Lack of unitv of invention 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

Certain documents cited 



Date of submission of the demand 

02.05.2000 


Date of completion of this report 
19.12.2000 


Name and mailing address of the IPEA/SE 

Patent- och registreringsverket Telex 
Box 5055 17978 
S-102 4 2 STOCKHOLM PATOREG-S 

Facsimile No. 08-667 72 88 


Authorized officer 

Mattias Arvidsson/MP 

Telephone No. 08-782 25 00 



Form PCT/1PEA/409 (cover sheet) (January 1998) 



INTERNATIONAL P 



NARY EXAMINATION REPORT 



ational application No. 
/FI99/00818 



I. Basis of the report 




I. With regard to the elements of the international application:* 
the international application as originally filed 

the description: 
pages 

pages 

pages 



□ 



, as originally filed 
, filed with the demand 



, filed with the letter of 



[ 1 the claims: 
pages 

pages 

pages 

pages 



, as originally filed 

f as amended (together with any statement) under article 19 

, filed with the demand 



, filed with the letter of 



the drawings: 
pages 

pages 
pages 



, as originally filed 



, filed with the demand 



, filed with the letter of 



I I the sequence listing part of the description: 
pages 

pages 

pages 



, as originally filed 



, filed with the demand 



, filed with the letter of 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language English which is: 

| | the language of a translation furnished for the purposes of international search (under Rule 23. 1(b)). 
| | the language of publication of the international application (under Rule 48.3(b)). 

[\/| tne laneuage of the translation furnished for the purposes of international preliminary examination (under Rules 55.2 and/ 
^ or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 

| | contained in the international application in written form. 

| [ filed together with the international application in computer readable form. 

| | furnished subsequently to this Authority in written form. 

| | furnished subsequently to this Authority in computer readable form. 

1 I The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international aDDlication as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence listing has 
been furnished 

4. 1 | The amendments have resulted in the cancellation of: 
1 | the description, pages 
[ 1 the claims. Nos. 



| 1 the drawings, sheet/fig 



This report has been established as if (some of) the amendments had not been made, since they have been considered to go 
beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2 (c)).** 



Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to 
in this report as "originaliv filed" and are annexed to this report since thev do not contain amendments (Rules 70. 16 

and 70.17). 

Any replacement sheet containing such amendments must be referred to under item I and annexed to this report. 
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V. Reasoned statement under Article 35(2) with regard t novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1 . Statement 



Novelty (N) Claims 1-7 YES 

Claims NO 



Inventive step (IS) Claims YES 

Claims 1-7 NO 

Industrial applicability (LA) Claims 1 — 7 YES 

Claims NO 



Citations and explanations (Rule 70.7) 

The claimed invent ion relates to a method and device for 
spraying of a material in which a flame is produced by means 
of a fuel gas, and at least two different components are 
introduced to the flame in such a way that the components 
combine with each other, and form a material consisting of at 
least two components. 

The following documents cited in the international search 
report, are documents of particular relevance: 

Dl: JP 4021536 WPI Derwent Abstract 
D2: US 5246475 



Document Dl relates to a method 
rare earth element by feeding 
earth chloride vapour into flame 
silica target rod. 

Document D2 relates to Method 
glass body co-doped with a rare 



for producing glass doped with 
raw material glass and rare 
and spraying on to a rotating 

for preparing a fused silica 
earth element and aluminium 



Claims 1-3 and 5-7 

* 

Document Dl discloses feeding a glass starting material and 
atomised rare earth chloride hydrate vapour into a flame and 
spraying them onto the apex of a silica target rod with the 
same device, to produce a material consisting of at least two 
components. The burner is a concentric five-fold tube 
structure quartz tube, and the components, the combustion gas, 
the inert gas for controlling the reaction, and the oxygen gas 
for the combustion are fed coaxially into the first, second, 
third, fourth and fifth layers of the burner respectively. 

... / ... 



Form PCT/1PE A/409 (Box V) (January 1998) 



INTERNATIONAL PRE 



ARY EXAMINATION REPORT 
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attonal application No. 



Supplemental B x 

(To be used when the space in any of the preceding boxes is not sufficient) 



Continuation of: V . 



The document does not disclose that the second component is 
atomised by means of gas substantially in the vicinity of the 
flame, which the application does 

According to document Dl the essential technical features as 
stated in claims 1-3 and 5-7 are considered obvious for a 
person skilled in the art. 



Document Dl further discloses that one component is silicon 
tetrachloride, and that the rare earth element could be 
Erbium. 

Document D2 discloses that fused glass is prepared from a 
silicon compound, an aluminium compound in the form of a 
vapour, and a rare earth element in the form of a nitrate (see 
claim 1 and 3) . The rare earth element is in the form of a 
solution, in which the solvent is an alcohol (see claim 4 and 
5). The glass produced by the method, according to D2, is 
useful as a base material of optical fibre lasers and the like 
(see col. 1 line 10-15). 

According to documents Dl and D2 in combination, it is 
considered obvious for a person skilled in the art to use a 
method as described in claim 4. 

Conclus ion 

According to the above stated arguments, claims 1-7 are novel, 
are considered to have industrial applicability, but are 
considered to lack an inventive step. 
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ENT COOPERATION TREAT* 

PCT 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 



Applicant's or agent's file reference 
PPC10801/UH 


FOR FURTHER ACTION ^ ee Notification of Transmittal of International 

Preliminary Examination Report (Form PCT/IPEA/416) 


International application No. 

PCT/FI99/00818 


International filing date (day/month/year) 

05. 10. 1999 


Priority date (dqy/month/year) 

05.10.1998 


International Patent Classification (IPC) or national classification and IPC7 
C03B 37/018 


Applicant 

RAJALA, Markku et al 



1. This international preliminary examination report has been prepared by this International Preliminary Examining 
Authority and is transmitted to the applicant according to Article 36. 



2. 



This REPORT consists of a total of 

□ 



sheets, including this cover sheet 



This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 



These annexes consist of a total of 



sheets. 



3. This report contains indications relating to the following items: 

Basis of the report 



I 




n 


□ 


in 


□ 


IV 


□ 


V 




VI 


□ 


VD 


□ 


vra 


□ 



Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

Certain documents cited 



Date of submission of the demand 
02.05.2000 


Date of completion of this report 

19.12.2000 


Name and mailing address of the IPEA/SE 

Patent- och registreringsverket Telex 
Box 5055 17978 
S-102 42 STOCKHOLM PATOREG-S 

Facsimile No. 08-667 72 88 


Authorized officer 

Mattias Arvidsson/MP 

Telephone No. 08-782 25 00 
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INTERNATIONAL PRELIMINARY EXAMINATION REPORT 




In^^^Hbnal application No. 
PCT/FI99/00818 



I. Basis of the report 



1 . With regard to the elements of the international application:* 
|^| the international application as originally filed 

I 1 the description: 

pages 

pages 

pages 



, as originally filed 



, filed with the demand 



, filed with the letter of 



I | the claims: 
pages 

pages 

pages 

pages 



, as originally filed 

, as amended (together with any statement) under article 19 

, filed with the demand 



, filed with the letter of 



I | the drawings: 
pages 



□ 



pages 



, as originally filed 
, filed with the demand 



, filed with the letter of 



the sequence listing part of the description: 
pages 

pages 

pages 



, as originally filed 



, filed with the demand 



, filed with the letter of 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language English which is: 

[ the language of a translation furnished for the purposes of international search (under Rule 23. 1(b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

f\7| the language of the translation furnished for the purposes of international preliminary examination (under Rules 55.2 and/ 
^ or 55.3^. 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 

contained in the international application in written form, 
filed together with the international application in computer readable form, 
furnished subsequently to this Authority in written form, 
furnished subsequently to this Authority in computer readable form. 

The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 

international aonlication as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence listing has 
been furnished. 

4. | | The amendments have resulted in the cancellation of: 

[ | the description, pages 

1 | the claims, Nos. 



I | the drawings, sheet/fig 



This report has been established as if (some of) the amendments had not been made, since they have been considered to go 
beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2 (c)).** 



* Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to 
in this report as "originally filed" and are annexed to this report since they do not contain amendments (Rules 70. 16 
and70J7). 

** Any replacement sheet containing such amendments must be referred to under item I and annexed to this report. 
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Inl^^B»nal application No. 
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V. Reas ned statement nnder Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Claims 1-7 ^ YES 

Claims NO 

Inventive step (IS) Claims YES 

Claims 1-7 NO 

Industrial applicability (IA) Claims 1—7 YES 

Claims NO 



2. Citations and explanations (Rule 70.7) 

The claimed invention relates to a method and device for 
spraying of a material in which a flame is produced by means 
of a fuel gas, and at least two different components are 
introduced to the flame in such a way that the components 
combine with each other, and form a material consisting of at 
least two components . 

The following documents cited in the international search 
report, are documents of particular relevance: 

Dl: JP 4021536 WPI Derwent Abstract 
D2: US 5246475 

Document Dl relates to a method for producing glass doped with 
rare earth element by feeding raw material glass and rare 
earth chloride vapour into flame and spraying on to a rotating 
silica target rod. 

Document D2 relates to Method for preparing a fused silica 
glass body co-doped with a rare earth element and aluminium 

Claims 1-3 and 5-7 

Document Dl discloses feeding a glass starting material and 
atomised rare earth chloride hydrate vapour into a flame and 
spraying them onto the apex of a silica target rod with the 
same device, to produce a material consisting of at least two 
components. The burner is a concentric five-fold tube 
structure quartz tube, and the components, the combustion gas, 
the inert gas for controlling the reaction, and the oxygen gas 
for the combustion are fed coaxially into the first, second, 
third, fourth and fifth layers of the burner respectively. 

• • • / • • • 
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Claim 4 
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METHOD AND DEVICE FOR SPRAYING OF A MATERIAL 

The invention relates to a method for spraying of a material, in 
which method a flame is produced by means of a fuel gas, at least two dif- 

5 ferent components are introduced to the flame in such a way that the com- 
ponents combine with each other and form a material consisting of at least 
two components. 

Furthermore, the invention relates to a device for spraying of a 
material, which device comprises means for supplying a fuel gas in such a 

10 way that the fuel gas produces a flame, and means for introducing at least 
two different components to the flame in such a way that the components 
combine with each other and form a materia! consisting of at least two com- 
ponents, which can be sprayed to a desired target by means of the flame. 

It is known to spray a solid substance with a flame spray device. 

15 In this method, the substance to be sprayed is fed to the flame spray gun in 
the form of solid particles which are sprayed by the flame spraying device to 
the desired target. When the particle size becomes smaller, the flame spray 
device is, however, easily soiled and clogged. Thus, it is difficult even to use 
the flame spray device to spray e.g. particles having a size of less than 

20 20 micrometres, and the flame spray device is easily clogged and is expen- 
sive in its construction. Moreover, the solid matter to be sprayed is in several 
different phases during the flame spraying, being partly vapour, partly molten 
substance and substance molten in part, and when the substance is cooled, 
the final result is uneven. 

25 US patent 3,883,336 presents a device in which silicon tetra- 

chloride is supplied to a flame spray gun as a vapour by means of oxygen 
acting as a carrier gas. Further, said publication discloses that an aerosol is 
sprayed from outside to the flame of the flame spray gun to manufacture 
glass. However, the aerosol production requires a complex apparatus and, 

30 further, the aerosol formation requires that the viscosity of the liquid is within 
a certain range, which restricts the material combinations to be used. 
Moreover, the particles produced by the method are relatively large in size, 
i.e. in the order of magnitude of a micrometre. 

Finnish patent 98832 presents a method and a device for 
35 spraying of a material, in which method the liquid substance to be sprayed is 
introduced to a flame formed with a fuel gas and is atomized with a gas 
substantially in the vicinity of the flame so that the atomization and the flame 
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formation take place in the same device. With said method, particles of the 
size of a nanometre can be produced in a simple and inexpensive way. 
However, the solution cannot be used to produce a material consisting of 
several components, e.g. multicomponent glass, with a controlled composi- 
5 tion. 

One application to produce multicomponent glass is the produc- 
tion of active fibres. In the production of active fibres, the glass material must 
be doped with rare earth metals, for example erbium. Erbium is not available 
as a liquid whose vapour pressure would be sufficiently low so that active 

10 fibres could be produced by conventional fibre production methods without 
extensive and expensive modification of the process. For this reason, the 
generally used method for producing active fibre is to manufacture a porous 
preform which substantially consists of amorphous silicon dioxide. The pre- 
form is immersed in a liquid containing erbium. After the impregnation of 

15 several hours, the preform is dried and sintered, thereby giving a doped fibre 
preform. The demerits of the method include indefiniteness of the doping 
quantity and clustering of the substance, which impairs the properties of the 
final product obtained. Furthermore, active fibre can be produced with an 
aerosol process, in which an erbium-containing aerosol is produced by an 

20 ultrasound method. The aerosols produced separately by the ultrasound 
method are led into a thermal reactor where they react to produce multi- 
component glass. The drawbacks of this method are its complexity, difficul- 
ties in the doping, and the large size of the particles produced, that is, the 
particle size is in the order of magnitude of about one micrometre. 

25 It is an aim of the present invention to provide a method an a 

device whereby the above-mentioned drawbacks can be avoided. 

The method according to the invention is characterized in that 
the first component is introduced to the flame in a gaseous or vaporous form 
and the second component is introduced to the flame in a liquid form and is 

30 atomized by means of a gas substantially in the vicinity of the flame, and that 
both the first component and the second component are supplied to the 
flame with the same device as the fuel gas. 

Further, the device according to the invention is characterized in 
that the device has a gas tube for introducing the first component to the 

35 flame in a gaseous or vaporous form, a liquid tube for introducing the second 
component to the flame in a liquid form, and a gas tube for introducing an 
atomizing gas to the vicinity of the liquid tube for atomizing the liquid 
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component substantially in the vicinity of the flame, wherein both the first 
component and the second component are arranged to be supplied to the 
flame with the same device as the fuel gas. 

The essential idea of the invention is that at least two different 
5 components are led to the flame and that the first component is led to the 
flame as a gas or as a vapour, and the second component is led to the flame 
in liquid form and is atomized by means of a gas substantially in the vicinity 
of the flame, and that the first and second component are fed to the flame 
together with the fuel gas with the same device. Thus, the liquid component 

1 0 and the gaseous component are formed into particles having a size in the 
order of magnitude of a nanometre, and their mutual reaction is accom- 
plished in such a way that for example homogeneous multicomponent glass 
particles are formed. The produced particles can be further guided by means 
of the flame onto the surface of various materials, or they can be collected 

15 as separate particles with a suitable device, for example to produce active 
fibre. 

The advantage of the invention is the capability to produce, in a 
very simple and inexpensive way, very fine and homogeneous particles con- 
sisting of at least two components, such as multicomponent glass particles. 
20 The invention will be described in more detail in the appended 

drawing, in which 

Fig. 1 shows schematically the entity of a flame spray device 
according to the invention in a side view, and 

Fig. 2 shows schematically a nozzle part of the device according 
25 to the invention in a front view. 

Figure 1 shows a flame spray device according to the invention. 
A flame spray gun 1 is used to form a flame 9 to spray a material. The 
required gases are supplied to the flame spray gun 1 along gas ducts 2, 3, 4 
and 5. Along the gas ducts 2 — 5 are supplied the fuel gases forming the 
30 flame, the atomizing gas for the liquid to be sprayed, one component, in gas 
or vapour form, of the material consisting of at least two components, such 
as multicomponent glass, and possibly a gas to be produced for controlling 
the reaction. The number of the gas ducts 2 — 5 is naturally sufficient accord- 
ing to the number of gases that need to be supplied to the flame spray 
35 gun 1 . The second component of the multicomponent glass to be formed is 
supplied in liquid form to the flame spray gun 1 , along a liquid duct 6. The 
liquid is transferred along the liquid duct 6 by pumping it for example with an 
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injection pump 7, The transfer of the liquid along the liquid duct 6 can also be 
implemented for example by supplying the liquid from a pressure tank or in 
another way known as such. 

At the right end of the flame spray gun 1 , seen in Fig. 1 , there is 
5 a nozzle 8 where the fuel gases are ignited to produce a flame and where 
the liquid is atomized by means of an atomizing gas. The atomizing takes 
place substantially in the vicinity of the flame 9. Thus, the liquid component 
can be atomized into very fine particles, having a size in the order of magni- 
tude of about one nanometre. Similarly, equally small particles can be 

10 formed of the gaseous or vaporous component. Both components are fed 
into the flame together with the fuel gas with the same device. Preferably, 
the feeding of the fuel gas, the feeding of the first component and the feed- 
ing of the second component into the flame is implemented with one and the 
same device, that is, via a common nozzle 8, as is shown in Fig. 1 . It is thus 

15 very easy to direct the multicomponent glass particles to be sprayed to the 
target 10. The particles of the first and second component react with each 
other, forming homogeneous multicomponent glass particles. The multi- 
component glass particles can be further directed by means of the flame 9 
onto the surface of various materials, or they can be collected as separate 

20 particles using a suitable device. 

The liquid component of the multicomponent glass is brought to 
the flame spray gun 1 along the liquid duct 6. From the liquid duct 6, the 
liquid is transferred to a liquid tube 6a in the centre of the flame spray gun 1 . 
Along the first gas duct 2, the gas for atomizing the liquid is introduced into a 

25 first gas tube 2a surrounding the liquid tube. Along the second gas duct 3, a 
second gas is introduced into a second gas tube 3a surrounding the first gas 
tube 2a. Furthermore, along the third gas duct 4, a third gas is introduced 
into a third gas tube 4a surrounding the second gas tube 3a, and along the 
fourth gas duct 5, a fourth gas is introduced into a fourth gas tube 5a sur- 

30 rounding the third gas tube 4a. The liquid tube 6a and the first, second, third 
and fourth gas tubes 2a, 3a, 4a, and 5a are thus coaxial tubes within each 
other. The gas flowing from the first gas tube 2a in the nozzle 8 atomizes the 
liquid flowing along the liquid tube 6a into droplets. 

The liquid component of the multicomponent glass to be formed 

35 can be a suitable aqueous or alcohol solution of the desired ion. For example 
in the production of active fibre, he. light intensifying fibre, it is possible to 
use a solution containing erbium nitrate, water or alcohol and a form of alu- 
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minium which is soluble in water or alcohol. Along the second gas duct 2 can 
be supplied for example hydrogen which atomizes the liquid in the noz2le 8. 
, Along the second gas duct 3 can be supplied silicon or germanium tetra- 

chloride in gaseous or vaporous form, and along the third gas duct 4 oxygen 
5 can be brought. After the nozzle 8, hydrogen and oxygen react to form a 
flame 9. The precise process of the reactive formation in the flame is un- 
clear, but it can be assumed in practice that the silicon or germanium tetra- 
chloride reacts by forming very small silicon dioxide or germanium dioxide 
particles, and the liquid particles react by forming erbium and aluminium 

10 oxide. The formed particles react either simultaneously or separately with the 
above-mentioned reactions and combine with each other to form homo- 
geneous multicomponent glass. The produced multicomponent giass parti- 
cles are guided by means of the flame 9 onto the surface of a target 10, 
which in the manufacture of an active fibre is a mandrel, whereby the multi- 

15 component giass particles form a porous glass surface on the mandrel sur- 
face. On the mandrel surface it is possible to accumulate several different 
glass layers whose material composition can be altered in a simple manner, 
if necessary. After the accumulation, the mandrel can be removed, and the 
produced preform is sintered in a manner known as such from the manu- 

20 facturing process of an optical fibre. 

The fourth gas duct 5 and the respective fourth gas tube 5a are 
not necessary. However, they can be used when desired for improving the 
reaction control, for example by feeding e.g. argon or another suitable pro- 
tective gas along the fourth gas duct 5 and further along the fourth gas 

25 tube 5a. The protective gas prevents the effect of external oxygen in the 
reaction. 

It should be noted that in Fig. 1 , the structure of the flame spray 
gun 1 is presented, for clarity, in a scale larger than the real situation. For 
effective atomization, it is preferable to make e.g. the velocity of the spraying 

30 gas as high as possible. Thus, the holes of the nozzle 8 should be made 
sufficiently small. Furthermore, the structure of the liquid tube 6a and the first 
gas tube 2a can be described so that said tubes are structurally two hollow 
needles placed one inside the other. 

Figure 2 shows the nozzle 8 seen in a front view. Figure 2 shows 

35 the hole at the end of the liquid tube 6a coming along the centre of the noz- 
zle 8. The hole of the first gas tube 2a can be seen around this hole. The gas 
flowing along the second gas tube 3a is shown to be introduced through the 
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nozzle 8 via orifices 11. In a corresponding manner, the gas flowing along 
the third gas tube 4a is introduced through the nozzle 8 via orifices 12, and 
the gas flowing along the fourth gas tube 5a is led through the nozzle 8 via 
orifices 1 3. The size and geometry of the holes and orifices of the nozzle 8 
may vary in a desired manner, but it is essential that the velocity of the liquid 
and the atomizing gas in the nozzle 8 can be adjusted as desired so that the 
liquid can be formed into sufficiently small droplets to allow sufficiently small 
particles to be produced and, on the other hand, to provide sufficient velocity 
of the gases forming the flame 9. 

The drawing and the related description are only intended to 
illustrate the idea of the invention. In details, the invention may vary within 
the scope of the claims. Consequently, the location and order of the iiquid 
tube and the gas tubes may vary in a desired way. Furthermore, the fuel gas 
can consist, in the above-described manner, of two or more gases to be 
supplied along separate gas tubes to the nozzle 8, or the fuel gas used can 
be a gas or gas mixture supplied along one gas tube to the nozzle 8, such as 
a mixture of oxygen and acetylene. 
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CLAIMS 

1 . A method for spraying of a material, in which method a flame 
(9) is produced by means of a fuel gas, at least two different components are 

5 introduced to the flame (9) in such a way that the components combine with 
each other and form a material consisting of at least two components, 
characterized in that the first component is introduced to the flame (9) in a 
gaseous or vaporous form and the second component is supplied to the 
flame (9) in liquid form and is atomized by means of a gas substantially in 
1 0 the vicinity of the flame (9), and that both the first component and the second 
component are supplied to the flame (9) with the same device as the fuel 
gas. 

2. The method according to claim 1 , characterized in that the 
first component, the second component and the fuel gas are supplied to the 

1 5 flame (9) by the same device. 

3. The method according to claim 2, characterized in that the 
first component, the second component and the fuel gas are supplied to the 
flame (9) coaxially. 

4. The method according to any of the preceding claims, char- 
20 acterized in that the first component is silicon or germanium tetrachloride 

and the second component is a solution containing erbium nitrate, water or 
alcohol, and a form of aluminium which is soluble in water or alcohol, in such 
a way that multicomponent glass particles can be formed to manufacture 
active fibre. 

25 5. A device for spraying of a material, which device comprises 

means for introducing a fuel gas in such a way that the fuel gas produces a 
flame (9), and means for introducing at least two different components to the 
flame (9) in such a way that the components combine with each other and 
form a material consisting of at least two components, which can be sprayed 

30 to a desired target by means of the flame (9), characterized in that the 
device has a gas tube (3a) for introducing the first component to the flame 
(9) in a gaseous or vaporous form, a liquid tube (6a) for introducing the sec- 
ond component to the flame (9) in a liquid form, and a gas tube (2a) for 
introducing an atomizing gas to the vicinity of the liquid tube for atomizing 

35 the liquid component substantially in the vicinity of the flame (9), wherein 
both the first component and the second component are arranged to be 
supplied to the flame (9) with the same device as the fuel gas. 
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6. The device according to claim 5, characterized in that the 
device comprises a nozzle (8) and that the device comprises means (or 
supplying the first component, the second component and the fuel gas into 
the flame (9) via a common nozzle (8). 

7. The device according to claim 6, characterized in that the 
means for supplying the first component, the second component and the fuel 
gas into the flame (9) are arranged coaxially. 
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